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EXHAUST GAS OXYGEN SENSOR MONITORING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to controlling air/ fuel ratio of 

an internal combustion engine having an electronic 
engine control system. 

2. Prior Art 
It is known to operate an internal combustion engine 

Using feedback controlled electronic engine control 
systems. A feedback signal can be provided by an ex 
haust gas oxygen sensor in the exhaust of the engine. 
The output signal from such exhaust gas oxygen sensor 
can indicate whether the engine is operating rich or lean 
of stoichiometry. This information is then processed by 
an electronic engine control module to adjust the air/f 
uel ratio by, for example, adjusting the amount of fuel 
injected into a cylinder. To ensure proper operation of 
such a feedback control system and con?rm that the 
exhaust gas oxygen sensor is operating properly, it is 
known to test the exhaust gas oxygen sensor during 
system operation. 
One such test can be to test the exhaust gas oxygen 

sensor response rate. For example, it is possible to drive 
the sensor at a ?xed frequency using rich and lean air/f 
uel ratio excursions. That is, the output voltage of the 
exhaust gas oxygen sensor is monitored to determine 
how the sensor responds to known air/ fuel ratio varia 
tions. Unwanted side effects of such a test are torque, 
engine speed, and engine load oscillations at the driven 
frequency. This invention overcomes .such undesired 
side effects. 

SUMMARY OF THE INVENTION 

In accordance with an embodiment of this invention, 
an exhaust gas oxygen sensor is tested for its response 
rate by having a known air/ fuel ratio excursion applied 
to the engine and the output of the exhaust gas oxygen 
sensor monitored. Any undesired torque, engine speed, 
or load oscillations are reduced to improve drivability. 
This is accomplished using out-of-phase application of 
the air/ fuel ratio variation to at least two cylinders. 
For example, in multi-bank systems such as in six and 

eight cylinder applications, and even in applications 
using individual cylinder fuel control, the fuel oscilla 
tions are modi?ed to reduce the unwanted side effects 
and improve drivability. The phasing of the forced fuel 
excursions are such that the engine torque fluctuations 
are minimized. On a two-bank fuel control system, 180° 
phasing is used so that during rich and lean air/ fuel ratio 
excursions of the exhaust gas oxygen sensor monitor, 
one bank is lean while the other bank is rich. This 180° 
phasing of the two banks decreases the magnitude of 
engine torque ?uctuations and improves drivability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a fuel control system in 
accordance with an embodiment of this invention. 
FIG. 2(A, B, C) is a graphical representation of l80° 

phasing of fuel control in accordance with an embodi 
ment of this invention. 
FIG. 3(A, B, C) is a graphical representation of non 

l80° phasing in accordance with the prior art. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a fuel control and oxygen sensor 
monitor phasing system 10 includes an engine 11 having 
an intake 12 with an intake bank 1 and an intake bank 2, 
and an exhaust 13 with an exhaust bank 1 and an exhaust 
bank 2. Exhaust bank 1 of exhaust 13 passes an oxygen 
sensor 14, and exhaust bank 2 of exhaust 13 passes an 
oxygen sensor 15. A feedback controller 16 is coupled 
to oxygen sensor 14, and a feedback controller 17 is 
coupled to oxygen sensor 15. An input air/fuel modula 
tion controller 18 supplies a ?rst bank output to a sum 
mer 19 which is also coupled to receive the output of 
feedback controller 16. A second bank output of input 
air/fuel modulation controller 18 is coupled to a sum 
mer 20 which also receives the output of the feedback 
controller 17. The output of summer 19 is used to con 
trol the air/ fuel ratio applied to intake bank 1 of intake 
12. The output of summer 20 is used to control the 
air/fuel ratio applied to intake bank 2 of intake 12. 
Feedback controller 16 includes a decision block 161 

which interrogates if the signal received from oxygen 
sensor 14 is greater than 450 millivolts. If Yes, logic 
?ows to a block 162, which causes a jump-back and 
then a ramp to a more lean air/fuel ratio. If the signal is 
not greater than 450 millivolts, logic ?ow goes to a 
block 163 which causes a jump-back and then a ramp to 
a rich air/ fuel ratio. The output of jump-back lean mod 
ule 162 and jump-back ramp rich module 163 is applied 
as an air/fuel ratio to summer 19. This output applied to 
summer 19 is a normalized air/fuel ratio control signal 
(lambse) which is driven lean until switching of oxygen 
sensor 14 occurs, then driven rich until switching of 
oxygen sensor 14 occurs, and so on, to provide feedback 
control of the air/fuel ratio about stoichiometry. 

Analogously, feedback controller 17 includes a logic 
lock 171 wherein there is comparison made to see if the 
signal from oxygen sensor 15 is greater than 450 milli 
volts. If it is, logic flow goes to a jump-back ramp lean 
module 172. If not, logic flow goes to a jump-back ramp 
rich module 173. The outputs of jump-back ramp rich 
module 173 and jump-back lean module 172 are applied 
to summer 20. 

During normal closed-loop fuel control, banks 1 and 
2 of intake 12 and exhaust 13 are completely indepen 
dent and act in an uncoupled manner. A lambse modi 
?er provided in input air/fuel modulation controller 18 
is used during diagnostics to determine proper opera 
tion of oxygen sensors 14 and 15 during monitoring of 
the system when the system is driven at a speci?c fre 
quency and fuel excursion. A minus one (- 1) multiplier 
within input air/fuel modulation controller 18 creates 
the 180° phasing condition. 
More speci?cally, referring to input air/ fuel modula 

tion controller 18, there is included a generation of a 
lambse modi?er module 181. This modi?es the air/fuel 
ratio provided by the output of feedback controllers 16 
and 17, at summers 19 and 20, respectively, to provide 
the ?nal air/ fuel ratio applied to banks 1 and 2 of intake 
12 to engine 11. The output of lambse modi?er module 
181 is applied to a positive multiplier 182 which couples 
the modi?er to summer 19. The output of lambse modi 
?er 181 is also applied to a negative multiplier 183 
which is applied to summer 20. The lambse modi?er 
module 181 is set to zero when the system is not in the 
oxygen sensor monitor mode. Advantageously, in oper 
ation, the lambse modi?er is a substantially ?xed fre 
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quency square wave signal having a suf?ciently large 
amplitude to cause oxygen sensor switching at each 
excursion. That is, when the lambse modi?er and 
lambse signal are combined at summer 19, the output of 
summer 19 causes switching of oxygen sensor 14 at the 
frequency of the lambse modi?er, regardless of the 
magnitude of the deviations from stoichimetric air/fuel 
ratio generated by the lambse signal. 
FIG. 2A shows the fuel pulse width with respect to 

time applied to bank 1 of intake 12 of engine 11. FIG. 2B 
shows the fuel pulses applied to bank 2 of intake 12 of 
engine 11 with respect to time. The fuel pulse widths of 
intake banks 1 and 2 are 180° out-of-phase. FIG. 2C 
shows the net engine torque with respect to time of ?rst 
the average steady-state engine torque during normal 
fuel control designated as magnitude X, and the average 
torque during oxygen sensor monitor fuel control desig 
nated as being essentially about a magnitude Y. 

Referring to FIG. 3, there is shown a prior art non 
180° phasing. More speci?cally, FIG. 3A shows the fuel 
pulse width applied to intake bank 1, and FIG. 3B 
shows the fuel pulse width applied to intake bank 2. The 
pulse width signals are identical and they are not out-of 
phase with each other. FIG. 3C shows the net engine 
torque by using the pulse widths which are in phase 
with each other. At a net engine torque magnitude of X 
is the average steady-state engine torque during normal 
fuel control. In contrast, the average torque during the 
oxygen sensor monitoring fuel control is at a magnitude 
Y, but the instantaneous value oscillates in a generally 
sinusoidal fashion about the average magnitude Y. 
Various modi?cations and variations will no doubt 

occur to those skilled in the art to which this invention 
pertains. For example, the particular way of obtaining 
the out-of-phase signal may be varied from that dis 
closed herein. These and all other such variations come 
within the scope of the appending claims. 
We claim: 
1. A method of controlling air/ fuel ratio in an internal 

combustion engine so as to test the operation of an 
exhaust gas oxygen sensor, including the steps of: 

establishing a ?rst intake bank of cylinders; 
establishing a second intake bank of cylinders differ 

ent from said ?rst bank; 
establishing a ?rst bank exhaust path for conducting 

exhaust from said ?rst intake bank of cylinders; 
establishing a second bank exhaust path for conduct 

ing exhaust from said second intake bank of cylin 
ders; 

placing a ?rst exhaust gas oxygen sensor in said ?rst 
bank exhaust path; 

placing a second exhaust gas oxygen sensor in said 
second exhaust path; and 

generating air/fuel ratio control signals for said ?rst 
and second banks of said engine which are 180° out 
of phase with each other; 

wherein the step of generating 180° out-of-phase 
air/fuel ratio control signals includes the steps of: 
providing an exhaust gas oxygen sensor signal from 

each of the two banks; 
processing each sensor signal to see if it is greater 

than a predetermined magnitude; 
if yes, then starting at least one of a jump-back in 

the air/fuel ratio and ramping the air/fuel ratio 
lean; 

if no, causing at least one of a jump-back in the 
air/ fuel ratio and ramping air/ fuel ratio rich; 

applying the signal from the ?rst exhaust gas oxy 
gen sensor to a ?rst summer; 
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4 
applying the signal from the second feedback con 

troller processor of the second exhaust gas oxy 
gen signal to a second summer; 

generating an air/fuel ratio modi?er to drive the 
system during monitoring of the exhaust gas 
oxygen sensor; 

applying a ?rst modi?er to said ?rst summer; 
applying a second modi?er out-of-phase with said 

?rst modi?er to said second summer; 
using the output of the ?rst summer to control the 

air/ fuel ratio of the ?rst bank; and 
using the output of the second summer to control 

the air/ fuel ratio of the second bank. 
2. An apparatus for monitoring exhaust gas sensor 

operation by controlling air/fuel ratio in an internal 
5 combustion engine so as to test the operation of an 

exhaust gas oxygen sensor including: 
a ?rst exhaust gas oxygen sensor to respond to a ?rst 

portion of engine operation; 
a second exhaust gas oxygen sensor to respond to the 

operation of a second portion of the engine; 
control means for applying two different air/fuel 

ratios to said ?rst and second portions of engine 
operation which are 180° out of phase with each 
other, thereby reducing the resultant torque varia 
tions of the engine; 

a ?rst intake bank of cylinders; 
a second intake bank of cylinders different from said 

?rst bank; 
a ?rst bank exhaust path for conducting exhaust from 

said ?rst intake bank of cylinders; 
a second bank exhaust path for conducting exhaust 
from said second bank of intake cylinders; 

a ?rst exhaust gas oxygen sensor in said ?rst bank 
exhaust path; 

a second exhaust gas oxygen sensor in said second 
bank exhaust path; 

an air/fuel ratio control means for providing a signal 
for said ?rst and second intake banks of said engine 
which are 180° out of phase with each other; and 

wherein said air/fuel ratio control means of generat 
ing 180° out-of-phase signals includes: 
input means for receiving an exhaust gas oxygen 

sensor signal from each of the two banks; 
processing means for processing each sensor signal 

to see if it is greater than a predetermined magni 
tude; 

logic means to determine, if greater, starting at 
least one of a jump-back of the air/fuel ratio and 
ramping the air/fuel ratio lean; and, if not 
greater, causing at least one of a jump-back of 
the air/ fuel ratio and ramping the air/fuel ratio 
rich; 

means for applying the sensor signal from the ?rst 
exhaust gas oxygen sensor to a ?rst summer; 

means for applying the sensor signal from the sec 
ond feedback controller processor of the second 
exhaust gas oxygen signal to a second summer; 

means for generating an air/fuel ratio modi?er to 
drive the system during monitoring of the ex 
haust gas oxygen sensor; 

means for applying a ?rst modi?er to said ?rst 
summer; 

means for applying a second modi?er, out-of 
phase, with said ?rst modi?er, to said second 
summer; 

means for using the output of the ?rst summer to 
control the air/fuel ratio of the ?rst bank; and 

means using the output of the second summer to 
control the air/fuel ratio of the second bank. 

* * * * * 


